Adverse perinatal outcomes related to the delivery mode in women with monochorionic diamniotic twin pregnancies Abstract Aims: The association between the planned delivery mode and adverse perinatal outcomes of monochorionic diamniotic (MCDA) twin pregnancies at ≥ 36 weeks' gestation was evaluated. Methods: This retrospective cohort study included uncomplicated MCDA twin pregnancies delivered after 36 weeks' gestation during a 10-year period. Cases were classified into the trial of labor (TOL) or cesarean section (CS) group according to the planned delivery mode. The primary outcome was a composite of adverse outcomes for at least one twin, including intrauterine fetal death (IUFD) after 36 weeks, neonatal death, umbilical artery pH < 7.1, 5-min Apgar scores < 7, hypoxic ischemic encephalopathy (HIE), meconium aspiration syndrome (MAS), respiratory distress syndrome (RDS), or acute feto-fetal hemorrhage (AFFH). The relationship between outcomes and the planned delivery mode was evaluated using a multiple logistic regression analysis. Results: We included the 310 pregnancies delivered after 36 weeks' gestation. After excluding 15 patients, the final analysis included 295 MCDA pregnancies: 63% had delivered through TOL and 37% through CS. The incidences of composite adverse outcomes in the TOL and CS groups were 4.3% and 1.9%, respectively. No IUFD, neonatal death, MAS, RDS, or AFFH was observed; two infants in each group developed HIE. Adverse outcomes were not significantly associated with any risk factor, including delivery through TOL. Conclusion: TOL may not influence the perinatal outcomes of MCDA twin pregnancies delivered at ≥ 36 weeks' gestation.
Introduction
Infants in twin pregnancies have a higher risk of developing adverse outcomes during the intrapartum period than infants in singleton pregnancies [7, 12] . Although several reports have recommended a planned cesarean section (CS) as the optimal mode of delivery for twins [11, 22, 23] , a recent large, randomized controlled trial comparing delivery strategies for monochorionic diamniotic (MCDA) and dichorionic diamniotic (DCDA) twins demonstrated that planned CS did not reduce the risk of adverse fetal or perinatal outcomes compared to planned vaginal delivery, regardless of chorionicity [2] .
It is apparent that MCDA twin pregnancies are associated with a higher risk of perinatal mortality and morbidity than DCDA twin pregnancies. This may be partly owing to the effect of the hemodynamic changes mediated by placental vascular anastomoses, which can result in acute feto-fetal hemorrhage (AFFH) [4, 8] . AFFH has been shown to be associated with birth order as well as uterine contractions [13, 14, 20] . Therefore, some experts indicated that vaginal delivery may increase perinatal mortality rates in MCDA twins and that CS may reduce this risk for the second MCDA twin [22, 23] . Because delivery via CS is associated with a higher risk of severe maternal morbidity than vaginal delivery [24] , it seems inappropriate to perform CS for all MCDA pregnancies. Further, it remains unclear whether specific complications related to MCDA pregnancies are associated with delivery mode.
The objectives of this study were to elucidate the incidence of adverse perinatal outcomes in MCDA twin pregnancies with respect to the mode of delivery and to assess whether the planned delivery mode for uncomplicated MCDA pregnancies at ≥ 36 weeks' gestation was a risk factor for adverse perinatal outcomes.
Materials and methods
We conducted a retrospective cohort study of uncomplicated MCDA pregnancies delivered after 36 weeks' gestation at a single tertiary center. We reviewed the medical records of all MCDA twin deliveries between 2003 and 2012 and MCDA pregnancies delivered after 36 weeks' gestation were included in this study. Cases with twin-to-twin transfusion syndrome (TTTS), intrauterine fetal death (IUFD), fetal malformation, or twin-reversed arterial perfusion sequence were excluded. This study was approved by our institutional review board.
We followed the management practices for twin pregnancies at our hospital, which is a tertiary care center that primarily deals with cases of multifetal pregnancies. Serial sonographic examinations were performed at least every 2 weeks until delivery to evaluate fetal growth and amniotic fluid volume. Inpatient management was initiated only for obstetrical indications. The planned delivery mode was selected by 36 weeks' gestation taking the patient's choice into consideration after informed consent regarding the delivery mode was obtained. Vaginal delivery could be selected if twin A was in the vertex presentation after 34 weeks, the estimated fetal weight was at least 1800 g, and there were no obstetric indications for CS. Both induced labor and CS were planned at 38 weeks' gestation. We performed an emergency CS within 15 min, if necessary. At the time of delivery, at least two obstetricians and neonatologists were always present. All placentas had chorionicity confirmed through gross and histologic examination of the inter-twin membrane.
Cases were classified into the trial of labor (TOL) group or the cesarean section (CS) group according to the planned delivery mode. The primary outcome was a composite of adverse outcomes of the twins, including IUFD after 36 weeks' gestation, neonatal death, umbilical artery pH < 7.1, 5-min Apgar scores (APS) < 7 (low APS), hypoxic ischemic encephalopathy (HIE), meconium aspiration syndrome (MAS), respiratory distress syndrome (RDS), or acute feto-fetal hemorrhage (AFFH). If an inter-twin hemoglobin (Hb) difference was observed to be above 8 g/dL at birth, the case was defined as AFFH to allow for the exclusion of twin anemia-polycythemia sequence (TAPS) based on the classification described by Slaghekke et al. [21] . We evaluated the association between perinatal factors and the composite of adverse perinatal outcomes. Perinatal factors included: the mode of conception, parity, low maternal height ( < 150 cm), pregestational obesity [body mass index (BMI) ≥ 25], obesity before delivery (BMI ≥ 25)], pregnancy-induced hypertension (PIH), threatened premature delivery, steroid administration, placenta previa, placental abruption, umbilical cord prolapse, preterm premature rupture of membranes (PPROM), selective or nonselective fetal growth restriction (FGR),severe discordant birth [defined by discordant rate > 25%, calculated according to the following formula: (weight of larger twin -weight of smaller twin) × 100/weight of larger twin], gestational age, and delivery mode. The odds ratio (OR) was used to evaluate the influence of the planned delivery mode on the primary outcome. Univariate analyses were used to estimate crude ORs and 95% confidence intervals (CIs) of the perinatal factors. A multiple logistic regression model for the composite of adverse perinatal outcomes was constructed using the variables identified through stepwise selection (significance level for entering into the model: P < 0.3). The reported P-values were two-sided. Analyses were performed using SPSS software (version 21, Chicago, IL, USA). A power calculation was also performed to determine what the power was in this study.
Results
Of 535 MCDA pregnancies conducted at our center during the study period, we included the 310 pregnancies delivered after 36 weeks' gestation. Fifteen pregnancies were excluded because of TTTS, IUFD, or fetal anomalies. The final analysis included 295 MCDA pregnancy cases ( Figure 1 ).
Women delivered MD between 2003 and 2012 n=535
Women delivered MD after 36 weeks' gestational age n=310
Uncomplicated MD pregnancies n=295 TTTS, IUFD, fetal malformation, TRAP n=15 TOL n=187 (63%) CS n=108 (37%) Figure 1 Two hundred ninety five uncomplicated MD delivered at 36 weeks' gestational age were included. Twin-twin transfusion syndrome (TTTS), intrauterine fetal death (IUFD) and fetal malformation and twin reversed arterial perfusion (TRAP) sequence were excluded.
The demographic and clinical characteristics of cases are described in Table 1 . One hundred and eighty-seven cases (63%) were assigned to the TOL group and the remaining 108 cases (37%) into the CS group. The median maternal age at pregnancy was 31 years (range, 18-42). The median gestational age at delivery was 37+5 weeks (range, 36-40).
As presented in Table 2 , 146 cases (78%) from the TOL group were delivered vaginally. Thirty cases (16%) from the TOL group were delivered via emergency CS because of labor arrest (n = 26) or non-reassuring fetal status (NRFS) of the first twin (n = 4). The remaining 3 cases from the TOL group (1.6%) were delivered via emergency CS in the absence of significant uterine contraction for NRFS (n = 2) or PIH (n = 1). There were eight cases (4%) from the TOL group that required selective emergency CS for the second twin, on account of labor arrest (n = 5) and NRFS of the second twin (n = 3) ( Table 3 ). In the CS group, 69 cases (64%) were delivered via planned elective CS, and 39 cases (36%) required emergency CS ( Table 2 ). The indications for elective CS included patient's request (n = 39), noncephalic position of the first twin (n = 24), history of uterine surgery (n = 21), and severe FGR (n = 12) ( Table 3) . The indications for an emergency CS included PPROM (n = 10), onset of labor (n = 10), NRFS (n = 9), PIH (n = 6), and warning bleeding with placenta previa (n = 2) ( Table 3) . The neonatal characteristics are noted in Table 4 . The median gestational age at birth was 37.5 weeks (range, 36-40), and the median birth weight was 2450 g (range, 1582-3378). There were 18 cases (7%) of severe discordant birth. The mean 5-min APS was 8.9, and the mean umbilical cord pH was 7.311. Table 5 lists the incidence of adverse perinatal outcomes in each group. The composite of adverse outcomes was experienced by 9 (2.4%) of 374 infants and 8 (4.3%) of 187 pregnancies in the TOL group. In the CS group, two (0.9%) of 216 infants and two (1.9%) of 108 pregnancies developed the composite of adverse outcomes. No cases resulted in IUFD, neonatal death, RDS, or MAS in either group. Two infants were affected with HIE. One case was of a vaginally delivered second twin; in this case, HIE might have developed during the antepartum period because the enzyme levels had elevated immediately after delivery and because cerebral edema occurred one day after birth. The second case was the first twin delivered via emergency CS because of NRFS. There were two cases with large inter-twin Hb difference ( > 8.0 g/dL); however, both cases were classified as TAPS, not AFFH [14] .
The associations between perinatal factors and the composite of adverse outcomes are presented in Table 6 . Multivariable logistic regression analysis revealed that the composite of perinatal outcomes was not associated with any significant risk factor. Thus, a significant risk of TOL for perinatal adverse outcomes in MCDA pregnancies could not be found. In addition, the power was 10% as a result of a power calculation.
Discussion
We conducted a retrospective cohort study to determine the effect of the planned delivery mode on perinatal outcomes of uncomplicated MCDA pregnancies delivered at ≥ 36 weeks' gestation. We found that the incidence of adverse outcomes was 4.3% in the TOL group and 1.9% in the CS group. None of the adverse outcomes resulted in neonatal death. Planned vaginal delivery for MCDA twin pregnancies was not recognized as a significant risk factor of adverse perinatal outcomes.
Twins delivered vaginally are at a higher risk of perinatal mortality and morbidity than singletons delivered vaginally [12] . Therefore, in this study, we discussed the optimal mode of delivery for twin pregnancies. Although some studies have reported that delivery via CS may reduce adverse perinatal outcomes of both twins or minimize the rate of these outcomes for the second twin. [11, 22, 23, [27] [28] [29] [30] , other studies have demonstrated no significant differences between outcomes of the first and second twin, regardless of delivery mode, presentation, and birth weight [25] . Additionally, perinatal or neonatal mortality of both twins was not affected by the delivery mode [5, 17] . Recently, a large, randomized control trial found that the second twin had a higher risk of morbidities than the first twin after vaginal delivery and that a planned CS did not decrease the risk of adverse perinatal outcomes for either twin [6] . Based on the existing evidence, it cannot be concluded that a CS is the optimal mode of delivery for twin pregnancies.
Considering the different adverse perinatal events according to chorionicity, MCDA twin pregnancy is Table 3 Indications for cesarean sections.
Indication
The Discordant twin was defined as discordant rate of more than 25%. TOL = the group of trial of labor; CS = the group of cesarean section; APS = Apgar score. Table 5 The incidence of neonatal adverse outcome.
TOL CS Total
Number of infants-n (%) 374 216 590 Low UA pH -n (%) 6(1.6%) 1(0.5%) 7 Low APS at 5 min-n (%) 2(0.5%)
The composite adverse outcome was IUFD after 36 weeks' gestational age, neonatal death, umbilical artery pH < 7.1 (low pH), 5-min Apgar scores < 7 (low APS), hypoxic ischemic encephalopathy (HIE), meconium aspiration syndrome (MAS), respiratory distress syndrome (RDS), or acute feto-fetal hemorrhage (AFFH). TOL = trial of labor; CS = cesarean section;UA = umbilical cord; APS = Apgar score; MAS = meconium aspiration syndrome; HIE = hypoxic ischemic encephalopathy.
considered to have a distinctly higher risk than DCDA because of the hemodynamic changes via vascular anastomoses [8] . Perinatal mortality for DCDA twins was reported to be 0.3-4.5%, while that of MCDA twins was 0.7-6.8% [3, 8, 9] . The risk of IUFD of MCDA twins in term was reported to be 0-2.6% [8, 9] . However, it is still controversial whether the delivery mode in MCDA twin pregnancies increases perinatal mortality and morbidity. Our results demo nstrated that adverse perinatal outcomes, including mortality and morbidity, were not affected by the delivery mode. Some studies support the concept that vaginal delivery for uncomplicated MCDA twin pregnancies is a reasonable management option [9, 15, 16, 26] .
Although the research subjects varied in gestational age at birth, several studies have demonstrated that there is no significant difference in mortality of MCDA twin pregnancies when comparing planned CS and TOL [9, 26] . The incidence of neonatal morbidity, including neonatal asphyxia, orotracheal intubation, admission to neonatal intensive care unit, and RDS, for infants born via CS was associated with an increased rather than decreased risk compared to those with vaginal delivery [9, 10, 15, 16] . In addition, a large, randomized controlled trial of the mode of twin delivery (including term twin pregnancies), revealed that there were no significant associations with adverse neonatal outcomes, regardless of chorionicity [2] . Our results are consistent with those reported in the abovementioned studies [2, 8, 9, 15, 16, 26] . Some authors recommended CS for MCDA twin pregnancy because of concern for AFFH, which is considered to be associated with the birth order of twins and uterine contraction [13, 14, 20] . The hemodynamic change mediated by placental vascular anastomoses of MCDA twins may occur not only during the antepartum period, but also in the intrapartum period, potentially resulting in anemia and polycythemia of newborns. This may require an acute blood transfusion for the twin with anemia and a partial exchange transfusion for the twin with polycythemia. Cases with perinatal death or severe complications due to hypovolemic shock of twins have been previously reported [18, 20] . Large inter-twin Hb difference at birth can be classified into TAPS or AFFH using the definitions described by Lopriore [21] . AFFH was thought to be associated with uterine contractions, and the benefit of a CS in preventing AFFH is still unknown. In this study, there were two cases that had a large inter-twin Hb difference, both of which were diagnosed as TAPS (0.7%), not AFFH.
Although the surveyed gestational age in this study was different from those reported in previous studies, our result was consistent with those of previous reports demonstrating that TAPS occurred in about 5% of MCDA cases, and the incidence of AFFH was 2.5% [13] . The low incidence of AFFH might explain why we found no correlation between delivery mode and adverse perinatal outcomes in MCDA twins.
However, the incidence of adverse outcomes in TOL cases (4.2%) was slightly higher than in that in CS cases (1.9%), though the difference was not statistically significant. This might be because we did not include admission, or the period of hospitalization as adverse outcomes, as has been performed in previous studies [9, 15, 16, 26] . In this study, the rate of uterine artery pH < 7.1 and APS at 5 min < 7 in the TOL group was higher than that in the CS group. The rate of HIE occurrence between the groups was not different, and no death or MAS occurred in either group. This may be explained by the efficiency of our perinatal management system in decreasing severe morbidity The obesity at the time of delivery was defined as a BMI of more than 25 within 2 weeks prior to delivery. The obesity at non pregnant was defined as a BMI of more than 25 before pregnancy. CI = confidence interval; TOL = trial of labor; ART = assisted reproductive technology; PIH = pregnancy induced hypertension; PPROM = preterm premature rupture of membrane; FGR = fetal growth restriction.
and mortality in MCDA twins. For instance, at least two obstetricians and neonatologists were always present at birth, and an operating room was available for emergency CS at any time. Although our study showed that the mode of delivery in MCDA twin pregnancies did not have an effect on adverse perinatal outcomes, it is noteworthy that the incidence of adverse events in the TOL group was slightly higher than in the CS group. Providing a safer system for twin delivery remains a critical issue from this aspect [1, 6, 19] .
The strength of this study is that, all patients were evaluated and delivered according to the planned delivery mode at a single center. The limitation of this study is and the statistical power is low because of the small sample size of each group, which may explain why our study failed to detect TOL in MCDA twins as a significant risk factor for adverse perinatal outcomes. Further research is required to have a clear understanding of this risk.
In conclusion, delivery through TOL may not influence the risk of adverse perinatal outcomes in uncomplicated MCDA twin pregnancies at ≥ 36 weeks' gestation.
